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Abstract

Clostridium perfringens growth from a spore inoculum was investigated in vacuum-pack-
aged, cook-in-bag ground turkey (pH 6) that included 0.3% (w/w) sodium pyrophosphate,
and sodium chloride at 0, 1, 2 or 3% (w/w). The packages were processed to an internal
temperature of 71.1°C, ice chilled and stored at various temperatures. The total C. perfrin-
gens population was determined by plating diluted samples on tryptose-sulfite-cycloserine
agar followed by anaerobic incubation at 37°C for 48 h. At 28°C, the addition of 3% salt in
turkey was effective in delaying growth for 12 h. At 15°C, growth occurred at a relatively
slow rate in the presence of 1-2% salt. Vegetative cells were not observed even after 28 days
of storage in the presence of 3% salt. C. perfringens growth was not observed at 4°C
regardless of salt levels. The D-values ranged from 23.2 min (no salt) to 17.7 min (3% salt).
Cyclic and static temperature abuse of refrigerated products for 8 h did not lead to growth
by C. perfringens from a spore inoculum.



1. Introduction

Increasing consumer demands for minimally processed, ready-to-eat, extended
shelf-life, refrigerated foods has led to growth in the use of sous vide (under
vacuum) food processing technology. It is an advanced method of cooking whereby
fresh food is vacuum sealed in heat-stable, high barrier plastic pouches or films,
cooked (pasteurized) to a time and temperature for a specific food, chilled rapidly
to avoid germination and outgrowth of surviving bacterial spores, and stored at
refrigeration temperatures. However, a large proportion of the sous-vide products
sold in North America are actually stored frozen.

According to Shamsuzzaman et al. (1992), commercial application of sous vide
technology in the United States is limited due to microbiological food safety
concerns and requirements for long shelf-lives, particularly if such products are
subject to possible temperature abuse at some stage during transportation, distribu-
tion, storage or handling in supermarkets or by consumers. Sufficient -evidence
exists to document that temperature abuse is a common occurrence at both the
retail and consumer levels. Wyatt and Guy (1980) reported that temperatures of
supermarkets were consistently greater than 7.5°C, with some as high as 17.5°C,
while temperatures of home refrigerators ranged from 1.7-20.2°C. Some C. perfrin-
gens strains can grow at temperatures as low as 6°C (Johnson, 1990). Therefore,
while the safety and preservation of sous vide foods relies mainly on a mild heat
treatment and chilled storage, secondary microbial barriers must be incorporated.
for safe marketing of sous vide products (RFMCC-NFPA, 1988; Notermans et al.,
1990; Mossell and Struijk, 1991).

While Americans consume about ten billion pounds of processed meats each year
(Marsden, 1980) and most of these products contain 1.1-1.3% sodium (2.75-3.25%
NaCl) (Maurer, 1983), the topic of sodium in the American diet has become a
major health issue. The primary concern is the association of the sodium electrolyte
with hypertension or high blood pressure (Tobian, 1979; Kerr and Nichman, 1986).
Sodium reduction has been recommended as an important step in the management
of hypertension and symptoms associated with coronary heart disease and renal
failure. Accordingly, the present work was initiated to examine (a) the growth
potential of C. perfringens from a spore inoculum in sous vide turkey products at
refrigerated and cyclic and static temperature abuse storage conditions, and (b) the
heat resistance of C. perfringens spores in turkey containing 0—3% salt (sodium
chloride) levels.

2. Materials and methods

2.1. Test organisms and spore production

Clostridium perfringens strains NCTC 8238, NCTC 8239 and ATCC 10288 were
used in the study. The origin and sources of the strains and spore production
methods have been reported (Juneja et al., 1993). After the spore crop of each



strain had been washed twice and resuspended in sterile distilled water, the spore
suspensions were stored at 4°C. Spores of individual strains at equal numbers were
then pooled to prepare a cocktail. This composite of spore strains was heat-shocked
for 20 min at 75°C prior to use.

2.2. Source, preparation and inoculation of meat

Ground turkey was obtained from a local retail market and frozen ( — 5°C) until
use (approximately 40 days). Sodium pyrophosphate and salt was mixed into all
ground turkey samples with a Hobart mixer to give a final concentration of 0.3%
and 0, 1, 2, or 3%, (w/w), respectively. The pH of the ground turkey was
determined using a combination electrode (Sensorex, semi-micro, A.H. Thomas,
Philadelphia, PA) attached to an Orion model 601A pH meter and was adjusted to
pH 6 with lactic acid. Duplicate 25-g ground turkey samples were aseptically
weighed into filter stomacher bags (SFB-0410; Spiral Biotech., Bethesda, MD) and
inoculated with 1 ml of the heat-shocked C. perfringens spore cocktail so that the
final concentration of spores was approximately 2.5 log;, CFU/g. Thereafter, the -
bags were manually mixed to ensure an even distribution of the organisms in the
meat sample. Negative controls consisted of bags containing uninoculated turkey.
The bags were placed in 7 inch x 8 inch plastic barrier bags (Koch Model 01 46
09, Kansas City, MO). The oxygen transmission rate of the nylon/polyethylene film
was 3.5 ¢cm?®/100 inch? in 24 h measured by the manufacturer at 75°F and 75%
relative humidity. The bags were evacuated to a negative pressure of 1000 millibars
and heat sealed using a Multivac Model A300/16 gas packaging machine (Ger-
many).

2.3. Cooking and cooling protocols

The ground turkey samples were processed in 80°C water in a water circulating
bath (Exacal, Model Ex-251HT, NESLAB Instruments, Inc., Newington, NH) to
an internal temperature (monitored by thermocouples) of 71.1°C within 10 min and
quickly cooled in an ice slurry as described previously (Juneja and Majka, 1995).

2.4. Storage, temperature abuse, and sampling

The inoculated samples were stored at 4, 15, and 28°C. Samples stored at 28°C
were analyzed at 4, 8, 12, 16, 24, 48, and 72 h, those at 15°C were analyzed on day
1, 2, 3, 4, 6, and 7 and the samples stored at 4°C on day 7, 14, 21, and 28. To
determine the effect of cyclic temperature abuse, samples stored at 4°C were
transferred 7 days before plating on their scheduled sampling day (7, 14, 21, and 28
days) to 15°C, held at this temperature for 24 h, and then returned to 4°C and
plated on their scheduled sampling day. To determine the effect of static tempera-
ture abuse, some samples stored at 4°C were moved 8, 12, and 20 h before plating
on their scheduled sampling day (7, 14, 21, and 28 days) to 28°C.



2.5. Bacterial enumeration procedure

On the scheduled sampling day, samples were removed and enumerated for total
C. perfringens population by spiral plating (Spiral Systems Model D plating
instruments; Cincinnati, OH) on tryptose-sulfite-cycloserine (TSC) agar as de-
scribed previously (Juneja et al., 1993). The total C. perfringens population was
determined after 48 h of incubation at 37°C in a Gas Pak system (Baltimore
Biological Laboratory, Cockeysville, MD). In addition, a 25 g portion of both
uninoculated raw turkey and cooked turkey were used to verify the absence of
naturally occurring C. perfringens. This involved the use of lactose-gelatin and
nitrate-motility medium (Schwab et al., 1984).

2.6. Determination of spore heat resistance

A known weight of turkey was aseptically transferred to a sterile Waring blender
and mixed with an equal volume of sterile distilled water by blending for 2 min to
form a smooth paste. Turkey slurry containing 0.3% (w/w) sodium pyrophosphate
and 0, 1, 2, or 3% (w/w) NaCl was inoculated with the heat-shocked C. perfringens
spore cocktail to obtain an initial count of about 7 log,, spores/ml. Thermal
inactivation was carried out at 99°C in sterile 17 x 60 mm screw-capped vials as
described previously (Juneja and Majka, 1995). The surviving spore population was
determined by spiral plating (Model D, Spiral Systems, Cincinnati, OH) on agar
plates containing TSC supplemented with lysozyme (10 ug/ml; Sigma, 41000
U/mg). The plates were incubated anaerobically at 28°C for 6 days to recover heat
injured spores.

2.7. Data processing

Bacterial growth curves were generated from the experimental data using the
Gompertz equation (Gibson et al., 1987) in conjunction with ABACUS, a nonlinear
regression program that employs a Gauss-Newton iteration procedure. This FOR-
TRAN-based program was developed by W.C. Damert (USA Department of
Agriculture, Eastern Regional Research Center, Philadelphia, PA). The Gompertz
parameter values were subsequently used to calculate generation times and lag
times as described by Gibson et al. (1987). The D-values (time for 10-fold reduction
in viable spores) were estimated by computing the linear regression (Ostle and
Mensing, 1975) of log;, number of survivors versus heating time using Lotus 1-2-3
Software (Lotus Development Corporation, Cambridge, MA) and taking the
absolute value of the inverse slope.

3. Results and discussion

During storage at 28°C, C. perfringens spores germinated and grew from 2.25 to
approximately 5 log,, CFU/g after 12 h in cooked ground turkey (pH 6) containing



no salt. (Fig. 1). In the presence of 1-2% salt, growth was relatively slow and the
total C. perfringens population was < 4 log,, CFU/g after 12 h of storage at 28°C.
Increasing the salt level to 3% completely arrested C. perfringens germination and
growth for 12 h. However, the levels increased to > 5 log,, CFU/g after 16 h in all
turkey samples regardless of the presence or absence of salt (Fig. 1). At 28°C, the
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Table 1
Mean generation times and lag times® of Clostridium perfringens in ground turkey which contained 0.3%
sodium pyrophosphate at pH 6 and salt levels of 0, 1, 2, and 3% salt

Salt (%) Generation times (min)® Lag times (h)

28°C 15°C 28°C 15°C
0 394 300.0 7.3 61.6
1 31.3 398.8 10.6 59.6
2 24.2 238.2 11.6 106.4
3 88.5 nd® 8.0 nd*®

Mean of two replications.
®Generation times calculated from regression lines for exponential growth using the Gompertz equation.
°Not determined.

generation times ranged from 39.4 min in salt-free turkey samples to 88.5 min in
samples with 3% salt (Table 1). The lag times were 7.3 and 8.0 h, respectively. In
a study by Juneja and Majka (1995), the generation and lag times of C. perfringens
spores at 28°C ranged from 80.1 min to 11.55 h in cook-in-bag ground beef (pH 7)
with no salt; the values were 129.2 min and 27.53 h in samples at pH 5.5 with 3%
salt. Pivnick et al. (1968) cooked chicken, containing 4 log,, spores/g, for barbecu-
ing to an internal temperature of 85-90°C and stored it at 45°C. They reported a
lag period of 4 h followed by logarithmic growth which proceeded at the same rate
as that observed for vegetative cells in inoculated samples.

By day 4 at 15°C, C. perfringens spores germinated and grew to > 5 log,, CFU/g
in turkey with no salt (Fig. 1). While the presence of 3% salt in samples at 15°C
completely inhibited the germination and subsequent multiplication of vegetative
cells even after 7 days of storage, growth occurred at a relatively slow rate in the
presence of 1-2% salt. However, the total C. perfringens population was consis-
tently lower as compared to the levels in turkey with no salt (Fig. 1). In contrast to
28°C, C. perfringens exhibited a 7.5 times longer generation time (300.0 min) and 8
times longer lag time (61.6 h) at 15°C in samples with no salt (Table 1). Juneja and
Majka (1995) studied the fate of the C. perfringens spores in cook-in-bag ground
beef at 15°C and reported generation and lag times of 415.9 min and 96.06 h,
respectively.

During storage at 4°C, C. perfringens growth from a spore inoculum was not
observed in turkey samples regardless of the presence or absence of salt (data not
shown). Similar observations were reported by Juneja and Majka (1995) who
cooked C. perfringens inoculated beef in a water bath to an internal temperature of
71.1°C and stored it at 4°C.

To determine the effect of static temperature abuse of refrigerated turkey
products which may occur during storage, distribution, display or consumer
handling of refrigerated food product, turkey samples stored at 4°C were moved to
a 28°C environment for 8, 12, or 20 h before plating on their scheduled sampling
day (7, 14, 21, and 28 days). C. perfringens population in samples abused for 8 h



did not increase regardless of the presence or absence of salt (Fig. 2). When samples
were transferred 12 h before plating to 28°C, C. perfringens spores germinated, and
grew to >6 log,, CFU/g only in samples with no salt (Fig. 2). There was no
increase in the numbers of organisms in samples that contained 3% salt. However,
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Fig. 2. The effect of static temperature abuse on growth of Clostridium perfringens from a spore
inoculum in vacuum-packaged, cook-in-bag ground turkey (pH 6), that included 0.3% sodium pyrophos-
phate and 0 or 3% salt. The refrigerated samples were moved to 28°C for 8, 12 or 20 h before plating
on their scheduled sampling day (7, 14, 21, and 28 days). (A) No salt; (B) 3% salt.



Table 2

Mean® D-values + standard deviation at 99°C of spore cocktail of Clostridium perfringens strains
NCTC 8238, NCTC 8239 and NCTC 10288 suspended in turkey slurry that included 0.3% sodium
pyrophosphate at pH 6 with 0, 1, 2, or 3% salt

Salt D-value at 99°C (min)
0 232 + 0.2
1 21.3 + 0.8
2 195 + 0.8
3 17.7 + 0.3

Mean of two replications.

20 h abuse of turkey samples with 3% salt resulted in an increase in cell numbers
of approximately 2 log;, CFU/g; the levels in all samples were <35 log;, CFU/g
(Fig. 2). To determine the effect of cyclic temperature abuse, samples stored at 4°C
were transferred to 15°C for 24 h, 7 days before their scheduled sampling day (7,
14, 21, and 28). These samples showed no growth regardless of the presence or
absence of salt (data not shown).

The thermal resistance of C. perfringens spores (expressed as D-values in min-
utes) in turkey slurries that included 0.3% sodium pyrophosphate at pH 6.0, and
salt levels of 0, 1, 2, or 3% are shown in Table 2. The D-values at 99°C decreased
from 23.32 (no salt) to 17.7 min (3% salt) at 99°C. In beef slurry, the values ranged
from 23.33 (pH 7.0, 3% salt) to 14.00 min (pH 5.5, 3% salt) at 99°C (Juneja and
Majka, 1995). In a study by Bradshaw et al. (1977), D-values at 99°C for C.
perfringens spores suspended in commercial beef gravy ranged from 26 to 31.4 min.
Differences in D-values obtained in our study and those reported by previous
workers may be attributed to several factors. Sporulation media and the tempera-
ture used for spore preparation, heating menstruum, recovery conditions including
the composition and pH of the medium, the presence of inhibitors, temperature and
time of incubation, and above all, the presence or absence of lysozyme in the
recovery media, affect the calculated spore heat resistance (Foegeding and Busta,
1981; Russell, 1982). Scott and Bernard (1982) suggested that there may be
significant variations among strains, and the reported D-values by different investi-
gators within the same strain.

While addition of increasing levels (1-3%) of salt in turkey can result in a
parallel increase in sensitivity of C. perfringens spores at 99°C, it is practically not
feasible to inactivate the spores by heat. A thermal process, if designed to inactivate
C. perfringens spores, may impact the product quality negatively. Spores are likely
to survive the normal pasteurization/cooking temperatures applied to sous vide
foods. For growth of C. perfringens to occur in sous vide foods, four criteria must
be met: activation, germination, outgrowth of spores, and vegetative growth. Mild
heat treatment given to sous vide foods could serve as an activation step if it were
not lethal to the spores. In a study by Barnes et al. (1963), about 3% of spores
germinated in raw beef without prior heat shock, but almost all germinated after
the meat was heated. Spores germinate at a reduced rate without prior heat shock
(Craven, 1980).



In conclusion, our study has shown that C. perfringens may germinate and grow
to unsafe levels if sous vide products are temperature abused for a relatively long
period. For vacuum-packaged, cook-in-bag turkey products that contained 0.3%
sodium pyrophosphate, cyclic and static temperature abuse for <8 h did not lead
to C. perfringens growth from spore inocula. An extra degree of safety may be
assured in such products by supplementation with 2—3% salt.
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